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Unpolarized Light for Grating Simulation — Discussion
at Examples



Abstract

Optical devices like gratings are sensitive
to the polarization of the light. Thus, it is
Important to properly consider the
polarization of light in the simulation. In
practice, gratings sometimes work with
unpolarized light as input. We show how
to model such unpolarized light, as the
average of two orthogonal polarization
states, for grating simulation in VirtualLab
Fusion. Examples are provided to
llustrate the corresponding settings in the
software.




Unpolarized Light in Grating Simulation

« Grating analysis

- For single grating analysis with the Fourier modal method
(FMM / RCWA), plane wave incidence is used to calculate

e.g. the diffraction efficiencies as the intrinsic properties of f
the grating under investigation. arbitrarily Y
. . possible |
Unpolarized plane wave solarization |

— Considering a plane wave along the z direction, unpolarized states \\

light can be thought of as that which, statistically, may take
any polarization state at one time.

— An arbitrary polarization state can be projected on two f
orthogonal states; unpolarized light gives, statistically, equal |
projections along the two states forming this orthogonal L
basis. :

~ Thus, we can use the average of the two orthogonal states,  oyareion b

=

In an incoherent manner, to represent unpolarized light. basis




Light Source Settings in Grating Simulation

« Manual control of source polarization it dea Plane Wave <
State S \Wavelength 1.06 ym \Weight 1)
— Light is always represented in vectorial Puzaton Reers . >
form in VirtualLab Fusion and the user et [T o

has full control over the polarization state contloligisoirce. gRTRERE.
in the source settings. POlarization State | |General s va ones Vector

— Following the basic concept, one can
perform grating simulations with specific
iInput polarization states as needed for

unpolarized light. For example, by N 5d® -
choosing TE and TM polarizations as the -1 I
two orthogonal basis states, we can P W M e @
perform the grating simulation BN i Constart ~ Operations + Part Manipuations ~ rv1ampuraa}grf ~ Displac
independently for both configurations, R =
and then manually average the results — selected ribbon-men
via ribbon-menu functions (as explained o e oot

Convolution

iIn what follows).

nsert Aray




Polarization-Dependent Analyzer in Grating Simulation

« Polarization analyzer for gratings

- For grating diffraction efficiency

Edit Polarization Analyzer X

calculation, VirtualLab Fusion provides
the Polarization Analyzer, for the
investigation of polarization-dependent
effects.

The polarization analyzer, in
comparison to the grating order
analyzer, has additional control over

the polarization states of the incidence.

The polarization settings in the
polarization analyzer work
independently from the source settings
In the optical setup.

Analyzed Output

(® Transmission

Analyzed Orders

Selection Strategy  Order Range

X

() Reflection

Minimum Order ‘ -1 ‘:

| of

Maximum Order ‘ -1 ‘ =

| o

Qutput
Efficiency Ex-Direction
Efficiency Ey-Direction

[] Vary Wavelength and/or Incident Angles

[] Polarization Contrast
Average Efficiency

—~—

averaged efficiency

between the results
with E, and E,

polarized incidence




Example #1: Talbot Images with Unpolarized UV Light



Modeling Task

phase mask structure

period A,=500nm, A,=500v/3nm
cone diameter D=300nm
cone height h=300nm

m see the full Application Use Case

A

/ ‘k Al

input plane wave

wavelength A=365nm

unpolarized (modeled as average

of x- and y- polarizations)

The Talbot image ||E||? of the
phase mask is to be
calculated at a selected
position, with unpolarized UV
light illumination.

7



https://www.lighttrans.com/index.php?id=2175
https://www.lighttrans.com/index.php?id=2175

Detected Fields at a Certain Position

unpolarized plane wave
modeled as combination of
- X-polarized (TM)

- y-polarized (TE)

Edit Ideal Plane Wave < We set the incident plane wave in the TE-TM

Wavelength S coordinate system, with linear polar_iza_tion
angles 0° and 90°, here for normal incidence,

Polarization Refers to  TE-TM Coordinate System vl : .
Poatzsbon e ________ ‘ exactly along x- and y-direction.
I:Typeanola-izaiim ‘Lnedyl’olmzed V|! Edit Ideal Plane Wave X
1 1
boge LB ] e weih
Polarization Refers to | TE-TM Coordinate System v
Polarzation oAt _______________ e !
n - - -
Normalized Jones Vector ET“’""'P“‘"Z“W Linearly Polarized VE
1 1
- N e LW
JTe 0

o Y N e VT i T N NN N e N ] Normalized J Vector

B i A Yt AT AN




Detected Fields at a Certain Position

unpolarized plane wave
modeled as combination of
- X-polarized (TM)

- y-polarized (TE)

transmitted field components from x-polarized input
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transmitted field components from y-polarized input
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Incoherent Summation

« The incoherent summation of the results from two linearly polarized
input beams can be done via ribbon-menu functions.
« To perform the incoherent summation, one should convert the intensity

data into a Numerical Data Array document.

- Ij 5l - Hamonic Field e - N-EH = Data Aray ¥
File Start Sources Functions Catalogs Windows Wiew Manipulations Propagations Detectors / File Start Sources Functions Catalogs Windows View Manipulations Detectors {
L@ @ 2@ BM @ 9@ P SW S ol @l A = 2 i1 {
= & W 5 e B E"H S o & A W Sl o= | FF oo P
Detector | Camera Beam Diffractive Optics Fiber Coupling RMS of  Spherical ~ Zemike & Seidel | Electric Magnetic Poynting | Average Complex  Field Minim Create  Lreate Numerical |Dimension | Forward: Backward:
from Catalog | Detector Parameters Merit Functions Efficiency Phase Phase Radius  Abemations Field Field Vector Histogram Deviation Maximum Animation Data Aray feduction =k k—x 3
General Physical Detectors = Components Numeric{ | Conversiojr' Fourier Transform (Space) 4)
| > Z
S
B 5: Electric Field (=R Ecn == =, 89: Electric Field (73:) [E=N(ECH <= =i 90: Numerical Data Array extracted from 89: Ele... |- = |- & |[£3a]
Light View Data View Electric Field . Numerical Data Array
obtain the fleld Diagram Table ~Value at fcy) COﬂVeI’t f|e|d data Diogram | Table | Value i ()
e — — - 1.26 Amplitude of “Ex" [v/m] |nt0 Nume”cal Data Amplitude of “Ex" [v/m]
= data of the result . .
= : Array document :
B 3
The result from the | ©
X-polarized input is Se 0835 osss
takenas an | ¢
= s
example to show | &
E 0412 0412
the document | ~ s o os
X 75146484 nm 748.53516 nm X [um]
conversion steps
Locally Polarized Hamonic Amplitude  Zoom: 0.50585938  (512: 512)
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Incoherent Summation

« The incoherent summation of the results from two linearly polarized
input beams can be done via ribbon-menu functions.

« To perform the incoherent summation, one should convert the intensity
data into a Numerical Data Array document.

- O-5EH8 - Data Aray i
File Start Sources Functions Catalogs Windows View Manipulations Detectors ’
. o
! / [EER, i ColiE K : s " .
Coorﬁ: and %} AlTay‘?IilTay Operations Hel@nﬁw % fj LatKj | # R e m e m b e r th at th e q u an t I ty

e ase eral
Interpolation Settings | Subsets = Operations ~ with Constart ~ Operations ~ Scaling ~ Manipulations = Displacement = 2 2 2 2
Change Subset Parameters General | | E | | - | E | + | E | + | E |
X y z

Append Subset(s) from Another Data Amay }

Delete Subset(s) 3 y Choose Complex or Real Valued Summation X IS to be Cal Cu | ated .
Fxtract Suhsetis) . [] Complex Summation 4
2 9 Numercl trom .= | = | B s | - : - 242 Sumof Sbsets fo e
: Numerical ata Array extracted from 89: Ele... Field Quantlt',f Squared Ampli‘tude v 92: Sum of Subsets (91:)
Numerical Data Array Numerical Data Array
Diagram  Table  Value at () Diagram  Table  Value at ()
Amplitude of “Ex* [V/m] Cancel Help Sum of subsets [(V/m)~2]
1.26 1.58
E 0835 . E 0876
> sum squared amplitude data >
of the field vector components
0412 017

X [pm] X [pm]

11



Incoherent Summation

)
= By the same process, the
intensity from the y-polarized
input is also converted into a
161 Numerical Data Array document.

=]

E 98: Intensity (y-polarized input)
Numerical Data Array

E 92: Intensity (x-polarized input) E@
Numerical Data Array

Diagram Table Value at (xy)

Diagram Table Value at {xy)

Sum of subsets [(V/m)*2]

1.58

0.876

0.17
-0.5 0 0.5

Sum of subsets [(V/m)*2]

i

0.5
0.5

E 99: Summed Intensity.da
Numerical Data Array

oo

E 2 5 = 0.892
= = Diagram Table Value at xy)
o o Sum of subsets [(V/m)*2]
0171 3.19
X [pm] X [pm]
. . E 1.77
The incoherent summation of both results can be done as follows: =
« sequentially select both documents and press “+” on the keyboard,
or B SHS - Do -
° Vi a th e ri b bo n m e n u Of Vi rtu aI Lab F us i O n : Start Sources Fil?ctions Catalogs Windows Wiew Manipulatio{ B : e '
ix ﬁ Hog r‘° A J X [pml
Imgriuog?oaliesz;?ngs SubEsderis - C?l,::’;t-i:m wﬂgpgor:isl‘?;rsd - S;’:’I A Disp\::i::érd - Ma’:;i‘i’ai
- + :::::“m 3 General ;
'ﬁ: Muttiplication -
Division /
Convolution {
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Choices of Orthogonal Polarization States

The choice of the two
orthogonal input polarization
states is arbitrary.

input as combination of:
- linear polarized 0°
- linear polarized 90°

input as combination of:
- linear polarized 30°
- linear polarized 120°

input as combination of:
- linear polarized 70°
- linear polarized 160°

H 99: Summed Intensity.da
Numerical Data Array

=)

(=N Eol =

B 9: Summed Intensity
Numerical Data Array

=8 Eol =

B 16: Summed Intensity
Numerical Data Array

Diagram Table Value at (xy)

Sum of subsets [(V/m)*2]

1.77

Y [pm]

0.351

X [pm]

Diagram Table Value at (x.y)

Sum of subsets [V/m]

3.19

Y [pm]
0 0.5

-0.5

0.351

X [pm]

Diagram Table Value at (x.y)

Sum of subsets [V/m]

3.19

Y [pm]
0 0.5

-0.5

0.351

X [pm]

The resulting Talbot images are independent of the
choice of the two orthogonal input polarization states.
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Example #2: Analysis of Polarization Independent
Transmission Gratings



Modeling Task

h
input plane wave e
wavelength 1060nm
unpolarized

(averaging TE and TM)
Littrow configuration

d
;d _15t order The dn‘fractlon_ efﬁmency.of the
-1st order, with unpolarized
incidence, is to be calculated.

ot order optimized grating parameters
Parameter Value
air grating depth h 2.58um
grating period d 1024nm
fill factor f 66.8%

|7*| see the full Application Use Case
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Polarization Analyzer for Gratings

input plane wave
- wavelength 1060nm
- unpolarized

(averaging TE and TM)
- Littrow configuration

Edit Polarization Analyzer
Analyzed Output
(® Transmission O Reflection
Analyzed Orders

-1st order Selection Sustegy |Order Range 7]

X Y
Minimum Order | | o+
Maximum Order | A | ofz]
Output
| e
[ Efficiency Ey-Direction } 7] Average Effciency _|
[] Vary Wavelength andlor Incident Angles
Oth order

Date/Time

display of the

Detector

The polarization analyzer
does the job of averaging
the diffraction efficiencies
for selected orders, with E,
and E, polarizations as the
input.

Sub - Detector Result

Efficiency Ex-Direction | $8.319 %

results from the 2 osi1e20201031:08 | “Polarization Analyzer #801 | Efficiency Ey-Direction | 97.619 %

polarization analyzer .

1| Average Efficiency | 97.969 %
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